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METHOD FOR PRODUCTION OF SOI
TRANSISTOR DEVICE HAVING A STORAGE
CELL

This application is a division of application Ser. No.
08/063,641 filed May 20, 1993.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for produc-
tion of a silicon-on-insulator (SOI) transistor device.

More specifically, it relates to a wafer bonding
method. The present invention may be used for bonding
two substrates to form a clad substrate. For example, it
may be utilized for bonding two semiconductor wafers
to form a composite semiconductor wafer.

An SOI structure is useful for semiconductor devices
and other electronic components. In this technique, a
silicon portion is placed on an insulator portion and
various semiconductor elements are fabricated in the
silicon portion. As one means for formation of an SOI
structure, there is known the technique of bonding a
separate substrate t0 a stlicon substrate having insulator
layer on the surface with the insulator and then polish-
ing the silicon substrate to form silicon portions on the
insulator layer. This 1s generally called a bonding SOI
(for the bonding technique, see for example Nikkel
McGraw-Hill “Nikkei Microdevices”, March 1988, p.
84.)

Further, the present invention relates to a SOJ tran-
sistor device, in particular a semiconductor device hav-
ing capacitor storage nodes buried in a thin film semi-
conductor layer using the SOI structure.

2. Description of the Related Art

The SOI structure 1s used for various applications.
For example, by forming elements in the semiconductor
portion on the insulator material, a semiconductor de-
vice with good element isolation can be obtained from
the beginning.

An example of the SOI structure to which the present
invention is applied will be explained below.

Numerous proposals have been made regarding SOI
structure semiconductor devices. There are also numer-
ous means for formation of the same. When applying
the present invention, any of these may be used. One
method of formation is to form a so-called bonding SOI
structure. The formation of an SOI structure will be
explained referring to FIGS. 1A to 1E taking as an
example this technique (see Extended Abstracts on the
21st Conference on Solid State Devices and Materials,
Tokyo, 1989, pp. 89-92, M. Hashimoto et. al.,, “Low
Leakage SOI MOSFETs Fabricated Using a Wafer
Bonding Method™.)

As shown in FIG. 1A, one surface of a silicon sub-
strate 1 (in general, use is made of a silicon wafer with
a high degree of flatness, referred to here as the *““sub-
strate A’’) 1s patterned by photolithography or etching
to form depressions of a depth of 1500 angstroms or less.
Next, an S10; film 1s formed on this surface by chemical
vapor deposition (CVD) etc. so as to form an insulator
2, thereby obtaining a structure of a silicon substrate 1
with an insulator 2 on one side. The insulator 2 is
formed as an uneven film as illustrated due to the topog-
raphy of the patterned silicon substrate 1. Further, a
polycrystalline silicon film etc. is formed as a bonding
layer 3 on the ifisulator 2 by CVD etc. to a thickness of
about 5 um. The result 1s the structure of FIG. 1A. The
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polycrystalline silicon film forming the bonding layer 3
is used for formation of a highly smooth bonding sur-
face when bonding another substrate (the substrate 4
shown by “B” in FIG. 1C) 1n a later step.

Next, the surface of the bonding layer 3 1s polished to
flatten it and obtain a highly smooth surface (FIG. 1B).
By this, the bonding layer 3 (polycrystalline silicon
film) is reduced to a thickness of 3 um or less.

Another substrate 4 (referred to here as the “substrate
B”) is placed in close contact with the polished surface
of the bonding layer 3. The two surfaces are bonded by
pressing them closely together. As a result the bonded
structure shown in FIG. 1C is obtained. In general, it is
said that a firm bond is achieved by the hydrogen bond-
ing caused by the action of water or hydroxyl groups
interposed between the two surfaces. This assembly is
usually then heated for heat bonding to form a strong
bonding. The bonding strength is generally at least 200
kg/cm? and sometimes as high as 2000 kg/cm?. As the
other substrate 4 (substrate B) which is bonded use is
usually made of the same type of silicon substrate as the
substrate 1 (substrate A). This 1s because a heating step
is often applied after the bonding so there is a danger of
trouble if the heat expansion and other physical proper-
ties are not equal. If this were not a problem, then in the
related art shown in FIG. 1, for example, the other
substrate 4 would function only as a support, so would
not have to absolutely be a silicon substrate. However,
if forming elements in the other substrate 4 (substrate B)
which 1s bonded the substrate would have to be a semi-
conductor substrate allowing the formation of elements.

Next, the substrate 1 is ground to reduce the silicon
portion of the substrate 1 to a thickness of about 5 wm or
less to form a residual film and obtain the structure
shown in FIG. 1D. FIG. 1C to FIG. 1E show the as-
sembly turned upside down from FIG. 1A and FIG. 1B.
This 1s because the assembly is turned upside down to
put the substrate 1 at the top for grinding to obtain the
structure shown in FIG. 1D and for the following selec-
tive polishing step.

Next, selective polishing 1s performed. Precision pol-
ishing is performed here until the insulator 2 is exposed.
As a result, as shown in FIG. 1E, a structure 1s obtained
with silicon portions 10 present on and surrounded by
the insulator 2. The silicon portions 10 form the SOI
film. In this structure with silicon portions 10 present in
an insulator 2 (SOI structure), elements are fabricated in
the silicon portions 10. As shown in FIG. 1E, the silicon
portions 10 are surrounded by the insulator 2, so the
elements are completely isolated from the very start.

FIGS. 1A to 1E showed the silicon portions 10 en-

larged for clarifying the illustration. In actuality, there

are a large number of fine silicon portions 10.

When forming the bonding SOI structure as de-
scribed above, sometimes air bubbles are entrained in
the bonding interface. Explaining this using FIG. 1C,
when bonding the polycrystalline silicon film 3 surface
on the substrate 1 with the substrate 4, air bubbles some-
times are entrained at the interface. This is because
when bonding flat surfaces of the substrates, there are
numerous points of contact and air bubbles easily are
entrained. The air bubbles are of a size, for example, of
about 0.5 um to 5 mm. |

The bonding surfaces are not in close contact at the
portions where the air bubbles are entrained so suffi-
cient bonding is not achieved and peeling easily occurs.
For example, after the grinding the surface of FIG. 1D,
the thickness t; of the film including the substrate 1 on
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the substrate 4 is 4 to 20 pum, usually about 5 to 10 um
or so, so if there are air bubbles present, peeling easily
occurs. This sometimes becomes a source of contamina-

tion and can have a serious impact on the fabrication of

the elements. For example, the wafers are sometimes
scratched by the contamination during the polishing.
The peeling due to the air bubbles forms contamination

and impairs the reliability of the elements. In the state of

FIG. 1E, the thickness t; of the film on the silicon por-
tion 10 side of the substrate 4 is even thinner, about 3 to
4 um. If peeling occurs here, it becomes a source of
contamination in the same way and sometimes ends up
resulting in a defective element.

Therefore, 1t 1s necessary to ensure that no air bubbles
form at the bonding portion of the two substrates.

In the past, to prevent the formation of air bubbles
between the two substrates to be bonded when forming
a bonding SOI, as shown in FIGS. 2A to 2C, the tech-
nique was employed of using a first support 13 for sup-
porting one substrate 12 and a second support jig 14 for
supporting another substrate 11, for example, a semi-
conductor wafer, using the second support jig 14 to
make the surface of the supported substrate 11 convex,
and bonding with the convexity facing the substrate 12
(the convexity is shown in an exaggerated manner to
make the illustration clearer).

In the above type of technique, however, since one
substrate 12 1s made to be convex for bonding, there is
some expansion and contraction of the pattern on the
substrate 12, though slight. That is, when the bonding
surface of the substrate is convex in shape, in the case of
a substrate having a device pattern, the bonding is per-
formed with elongation of the pattern due to the curva-
ture of the convexity. Therefore, there is a possibility of
misalignment of the pattern pitch and pattern deviation
in the succeeding exposure step. Further, even if the
second support jig 14 supporting the substrate 11 is
comprised of, for example, a vacuum chuck, it does not
necessarily mean that the substrate 11 can be supported
with a good convexity. Further, when bonding the
substrates to form a flat composite substrate, that is,
when bonding the substrates from the state of FIG. 2B
to the state of FIG. 2C, a good, tight bond is not
achieved and therefore sometimes pattermn elongation or
contraction will end up occurring. As a result, with the
above described bonding technique, where one of the
substrates was made convex, it was difficult to keep up
with the demands of the recent technique—where pat-
terns are being increasingly miniaturized.

Next, the other problem related to prior SOI tech-
nique will be explained.

The element isolation pattern of an SOI structure
obtained by the bonding method is formed, for example,
by photolithography of the SOI wafer. There are prob-
lems 1n the photolithographic step, however. That is, in
general, positioning marks known as alignment marks
are formed at several locations on the chip so as to
enable positioning during the photolithography step.
Further, separate so-called “vernier” portions are gen-
erally formed at one position for each mark on the chip
for the purpose of confirmation of the positioning.
FIGS. 3 and 4 illustrate the alignment marks in the case
of positive photolithography. FIG. 4 shows the sec-
tional shape of an alignment mark portion, while FIG. 3
shows the structure from a plane view. In FIG. 3, the
case of positive photolithography is shown. The portion
21 in FIG. 3 1s a SOI layer forming the semiconductor
portion, while the portion 22 1s the SiO; forming the
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insulating material (note that in the case of negative
photolithography, 21 designates conversely Si0; and 22
designates the SOI layer). In FIG. 3, “O” indicates the
center (origin) of the coordinate system.

FI1G. 4 shows the sectional structure of the alignment
mark 1n the case of making a gate window. In FIG. 4, 27
is the semiconductor portion (Si) in this example, while
24 1s the nsulator (S103) surrounding this semiconduc-
tor portion. Reference numeral 25 is a polycrystalline
silicon layer, while 26 is a top layer of tungsten silicide
etc. Here, the semiconductor portion 27 forming the
SOI layer has a level difference of as much as 40 nm
from the S10; portion of the insulating material 24 (see
FIG. 4). When using this mark to form a resist pattern
on a film with an extremely high reflectance, the expo-
sure apparatus must be able to accurately detect a level
difference of as little as 40 nm. This detection is ex-
tremely difficult in practice.

FI1G. 5 shows the waveform of the alignment signal in
the related art. As illustrated there, the signal-to-noise
ratio (S/N) ratio is extremely small and the chance of
picking up a false signal 1s high. In FIG. 5, “O” shows
the signal peaks.

Use 1s made of a vernier portion even when measur-
Ing the alignment after exposure. Visual detection of the
vernier 1s difficult for the same reasons, however, so
accurate measurement of the alignment is not possible.

Next, an explanation will be made of an example of a
dynamic random access memory (DRAM) using an
SOI structure according to the related art.

Along with the reduction in size of DRAM memory
cells and their higher density, use has been made of the
SOI structure to secure the required storage capacity.
Development has been made of DRAMs and other
semiconductor devices with capacitors buried under a
semiconductor layer. The key portions of a DRAM or
other semiconductor device using such an SOI struc-
ture 1s shown in FIGS. 6A and 6B. |

As shown 1n FIGS. 6A and 6B (wherein FIG. 6A is
a sectional view along the line A-—A in FIG. 6B), in this
semiconductor device, a semiconductor layer 32a¢ con-
stituted by silicon is formed on top of an insulating film
layer 42 to produce an SOI structure. On the semicon-
ductor layer 32q are laid word lines 362 and 365 over a
gate insulating layer. On top of this are laid an interlayer
insulating layer and bit lines 40. The bit lines 40 are
connected to the semiconductor layer 32q or the semi-
conductor layer 326 through bit line contacts 39 made
in the interlayer insulating layer. The word lines 364
and 360 serve also as gate electrodes. A channel portion
38 1s formed at the semiconductor layer 32a or 326
posttioned below the same. As a result, a DRAM mem-
ory cell transistor is formed at this portion.

Under the insulating film layer 42 is buried a capaci-
tor storage node 44. The storage node 44 and the semi-
conductor layer 324 are connected through a contact 43
formed in the insulating film layer 42. Under the storage
node 44 1s laid a cell plate layer 48 through a capacitor
insulating film layer 46. In this semiconductor device,
the storage node 44, the insulating film layer 46, and the
cell plate 48 constitute the capacitor.

In a semiconductor device of such a structure, the
area occupied by the capacitor is made large to increase
the capacity of the capacitor. Also, the level difference
of the capacitor does not have a detrimental effect on
the wiring patterning.

However, 1n a semiconductor device of an SOI struc-
ture now under development, as shown in FIG. 6A and
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6B, the layout pattern of the storage node 44 is posi-
tioned at the layers below the channel portion 38 of the
semiconductor layer 324 or 325, so there were the fol-
lowing problems:

The potential of the storage node 44 changes from the
ground level to the power source voltage depending on
the state of the data held. If the storage node 44 is posi-
tioned directly under the channel portion 38, the
changes in potential of the storage node 44 will affect
the channel portion 38 and cause a change in its poten-
tial state and fluctuations in the threshold voltage.
Therefore, it becomes difficult to maintain the optimal
threshold voltage and there is a danger of a reduction of
the writing voltage or a deterioration of the holding of
the data.

Note that the layout pattern of the storage node 44

shown is one for the layout of storage type capacitors
employed for a 4M DRAM, 16M DRAM, etc.

Further, proposal has been made of a DRAM cell
structure with a storage node buried under a thin film
semiconductor layer using an SOI structure.

FIG. 7 1s a schematic sectional view of a DRAM cell
using an SOI structure according to the related art.

In this conventional DRAM cell using an SOI struc-
ture, as shown in FIG. 7, an insulating film layer 68 1s
laid under the thin film semiconductor layer 58. The
insulating film layer 68 had contact holes 69 formed in
it near the thin film semiconductor layer 38. Under the
insulating film layer 68 were formed storage nodes 60.
The capacitor storage nodes 60 were connected to the
thin film semiconductor layer through the contact holes
69. Under the storage nodes 60 was laid a cell plate
layer 66 through a capacitor insulating film 64. The
capacitor storage nodes 60, insulating film layer 64, and
cell plate layer 66 constituted capacitors. Note that in
the figure, 54a¢ and 546 are word lines and 56 is a bit line.

In such a structure of a DRAM cell, it 1s possible to
generate more surface area of the side walls and obtain
a desired storage capacity by increasing the height
(depth) of the storage nodes 60. Further, since the pat-
tern for formation of the storage nodes 60 1s a pattern
which removes overlapping margin of the contact holes
69, the area of the cells can be expected to be considera-

bly reduced.
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When making such a DRAM cell of the related art, 45

however, as shown in FIG. 8, an insulating layer 68 is
laid on the semiconductor substrate 67 for formation of
the semiconductor layer 58 shown in FIG. 7, contact
holes 69 are formed, a polycrystalline silicon film form-
ing the storage nodes 60 is laid, then the polycrystalline
film is etched by reactive ion etching (RIE) etc. to form
the node formation holes 61 and the storage nodes 60
are formed. In the related art, however, due to the

overetching at the time of etching for formation of the
storage nodes, the polycrystalline silicon in the contact

holes 69 and the surface of the thin film semiconductor
substrate 67 were even etched and there was the danger
of formation of the grooves A.

To achieve a higher density, if the pattern for forma-
tion of the storage nodes 60 is made a pattern for remov-
ing the overlapping margin of the contact holes 69,
during the RIE overetching for formation of the stor-
age nodes 60, part of the polycrystalline silicon film
filled in the contact holes 69 is also exposed to the etch-
ing. As a result, the polycrystalline silicon is etched
even in the contact holes 69. If the amount of overetch-

ing can be controlled so that the etching stops at the
inside of the contact holes 69, there would be no prob-
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lem, but if it reaches the surface of the substrate 67 and
forms grooves “A’” there, it creates defective shapes,
leak deficiencies, etc. at the time of processing the sub-
strate in later steps. In particular, the higher the height
of the storage node 60 is made to secure the capacitor

‘capacity, the greater the etching error becomes and the

more difficult control of the overetching becomes and
the easier defects are to occur. For example, recently,
the thickness of the polycrystalline silicon film has to be
at least about 2 um. If the etching precision in RIE etc.
is 10 percent or so with respect to the thickness of the
polycrystalline silicon film, when etching the polycrys-
talline silicon film to form a node formation hole 61, the
etching error is at least -=200 nm. On the other hand,
the thickness of the insulating film layer 68 is about 200
to 400 nm. In this way, the thickness of the insulating
film layer 68 is not sufficiently great with respect to the
etching error and there is a danger of formation of
grooves A in the surface of the substrate 67.

SUMMARY OF THE INVENTION

A first object of the present invention 1s to provide a
method of production of an SOI transistor device etc.
wherein the method of bonding of the substrates can
prevent the occurrence of air bubbles, gives an excellent
bond, and is free from expansion or contraction of the
pattern on the substrates and other problems.

A second object of the present invention 1s to provide
a method for production of an SOI transistor etc.
wherein the method of positioning in the SOI structure
and the method of confirmation of the positioning en-
able accurate detection of the alignment signal using
alignment marks and enable accurate evaluation of de-
viation.

A third object of the present invention is to provide a
serniconductor device of an SOI structure having stor-
age nodes which reduces the effect from the storage
nodes to the channel portions, has cell transistors with
stable threshold voltages, and, when used as a DRAM,
has excellent data holding characteristics and data writ-
ing characteristics.

A fourth object of the present invention is to provide
a semiconductor device, and a process for production of
the same, which is free from formation of grooves on
the semiconductor substrate due to overetching when
etching to form the storage nodes in the process of
producing the semiconductor device, has a small cell
area, and has capacitors with a large storage capacity.

In order to achieve the first object of the present
invention, there is provided a substrate bonding method
for forming a SOI structure comprising the steps of
bringing substrates into proximity in a state with one
substrate a slight, substantially uniform clearance away
from the other substrate and pressing one point of at
least one substrate of the two substrates against the
other substrate.

In accordance with the substrate bonding method of
the present invention, it is possible to prevent the gener-
ation of air bubbles, achieve a bond in a good state, and
bond the substrates free from problems such as pattern
elongation or contraction.

In order to achieve the second object of the present
invention, there is provided a method of positioning for
photolithography using an alignment mark positions
and/or vernier positions formed on a SOI substrate,
which comprises the steps of removing semiconductor
layer portions corresponding to the alignment mark
portions and/or the vernier portions and making and
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confirming alignment for photolithography on the SOI

substrate using the alignment mark portions and/or
vernier portions.

In accordance with the method of positioning for
photolithography of the present invention, it is possible
to provide a positioning method and a positioning con-
firmation method in an SOI structure which enables
accurate detection of the alignment signal using the
alignment marks and enables accurate evaluation of
misalignment.

In order to achieve the third object of the present
invention, there is provided a new semiconductor de-
vice (ex. DRAM) formed by using SOI structure,
which comprises a new pattern of a strage node formed
longitudinally along a word line.

In accordance with the new semiconductor device
having the new pattern of the strage node of the present
invention, the storage nodes are no longer positioned at
the bottom layer side of the channel portion of the
semiconductor layer. As a result, the effect of the stor-
age nodes on the channel portion is lowered and the
threshold voltage of the transistor in the cell is stabi-
lized. When this semiconductor device is used as a
DRAM, the data holding characteristics and the data
writing characteristics are improved.

In order to achieve the fourth object of the present
invention, there is provided a new semiconductor de-
vice (ex. DRAM) formed by using SOI structure,
which comprises a unique strage node having a conduc-
tive side wall.

In accordance with the new semiconductor device
comprising a unique strage node having the conductive
side wall, it is possible to effectively prevent the forma-
tion of grooves by overetching to a surface of a semi-
conductor layer of the SOI structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1A to FI1G. 1E show an example of the process
of formation of an SOI structure according to a first
related art,

FIG. 2a to FIG. 2C show a bonding method for
preparing a substrate for forming an SOI structure de-
vice according to the first related art,

FIG. 3 shows alignment marks according to a second
related art showing the background art,

FIG. 4 1s a sectional view of the alignment mark
showing the second related art,

FIG. § 1s a view showing the waveform of an align-
ment signal according to the related art shown in FIG.
3 and FIG. 4,

FIGS. 6A and 6B are respectively a sectional view
and a plane view of key portions of a DRAM device of
an SOI structure according to a third related art,

FIG. 7 1s a schematic sectional view showing a
DRAM according to a fourth related art,

FIG. 8 1s a schematic sectional view showing a pro-
cess for production of the DRAM shown in FIG. 7,

FIGS. 9A to 9D show a wafer bonding method for
forming an SOI device according to a first embodiment
of the present invention,

FIG. 10 shows a wafer bonding method for forming
an SOI device according to a second embodiment of the
present invention,

FIG. 11 shows a substrate after wafer bonding ob-
tained by the method of FIG. 10,

FIG. 12 shows the flow of a process for the formation
of a device using an SOI substrate according to a third
embodiment of the present invention,
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FIG. 13 1s a view of the waveform of the mark signal
(X direction, before resist coating) of the third embodi-
ment, |

FIG. 14 is a view of the waveform of the mark signal
(Y direction, before restst coating) of the third embodi-
ment,

FIG. 15 is a view of the waveform of the mark signal
(X direction, after resist coating) of the third embodi-
ment,

FIG. 16 is a view of the waveform of the mark signal
(Y direction, after resist coating) of the third embodi-
ment,

FIG. 17 and FIG. 18 are respectively a sectional view
and a plane view of key portions of a DRAM according
to a fourth embodiment of the present invention,

F1G. 19 1s a schematic view of key portions showing,
the process of production of a DRAM of the fourth
embodiment of the present invention,

FIG. 20 1s a plane view of a DRAM according to a
fifth embodiment of the present invention,

FIG. 21 1s a plane view of a DRAM according to a
sixth embodimerit of the present invention,

FI1G. 22 15 a schematic sectional view of a DRAM
using an SOI structure according to a seventh embodi-
ment of the present invention,

FIGS. 23A to 23F are views showing the flow of the
process for forming the SOI structure DRAM shown in
FIG. 22,

FIG. 24 is a sectional view of an SOI structure
DRAM according to an eighth embodiment of the pres-
ent invention, and

FIGS. 25A to 25C are views showing the flow of the
process for forming the SOI structure DRAM shown in
FI1G. 24.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, an explanation will be made of specific em-
bodiments of the present invention with reference to the
drawings. Note that the present invention is not limited
to these embodiments and includes modifications within
the scope of the claims.

First, an explanation will be made of a first embodi-
ment of the present invention using FIGS. 9A to 9D.
This embodiment relates to a bonding method of semi-
conductor waters for formation of a clad semiconductor
wafer having a pattern formation SQOI structure. Ac-
cording to this embodiment, 1n the bonding of the sub-
strates, it 1s possible to tremendously reduce the expan-
sion and contraction of the substrates and the entrain-
ment of air bubbles.

First, the substrates 71 and 74 to be bonded are sub-

jected in advance to a hydrophilic treatment on their

surfaces so that full use may be made of the hydrogen
bonding force of the substrates. They are used in a state
free from dust and other deposits. The hydrophilic
treatment may be performed by (1) performing fluorine
treatment to give clean Si surfaces to the substrates 71
and 74, then immediately (2) performing treatment by a
mixed solution of ammonia and hydrogen peroxide
water ((2) alone also possibie). It 1s believed that the
bonding force becomes higher by this treatment since
the substrate surfaces become OH rich.

As shown in FIG. 9A, use i1s made of a flat vacuum
chuck 80 to set the substrate 74. A vacuum is created as
shown by the arrow 83. The substrate is fixed level in
position by this and then the next operation is per-
formed. Note that the vacuum chuck 80 used in this
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example is comprised of the air-permeable member 81
which bears the substrate 74 on its surface to support
the same and a support 32 which surrounds and sup-
ports this member.

Next, as shown in FIG. 9B, the substrate 71 is
brought into close, uniform proximity to the substrate
74 with a clearance of several um. This is done by hav-
ing the substrate 71 held by a vacuum chuck from above
in the same way as the substrate 74, then releasing the
top vacuum state at a position where the two substrates
71 and 74 are separated by at least a clearance where
they do not contact each other (for example, 1 mm). As
a result, the substrate 71 falls toward the substrate 74,
but when the distance becomes several um, the sub-
strate 71 may be made to float on the substrate 74 with
a slight clearance 77 due to the viscous resistance of air.
This 1s believed to contribute to the electrostatic and
other action between the substrates 71 and 74.

Bonding step is performed from this state as shown in
FI1G. 9C. That 1s, a push rod with a contact area of 1 to
10 mmdo (in this example, a good result can be achieved
using a push rod of 5 mmda, for example) 1s used as a
pressing means 75 to apply a load of 0.5 to SN (in this
example, a good result can be achieved with 2N, for
example) to any point of the substrate 71, such as near
the center or at the periphery etc., whereupon bonding
is started by the hydrogen bonding force, as shown by
reference numeral 76 in FIG. 9C.

After this, the substrate 71 is allowed to stand on the
flat substrate 74 in a natural state until the entire surface
is adhered on its own (about 3 to 10 seconds in the case
of a wafer of a diameter of 5 inches).

FIG. 9D shows the state after the entire surface has
adhered. The vacuum flow 83 i1s released in this state
and the bonding 1s thus completed.

According to this embodiment, since the adhesion
occurs along the flat substrate 74, there i1s no expansion
or contraction of the substrate. Further, since seif adhe-
sion 1s used, the air is naturally expelled, so it 1s possible
to reduce the entrainment of air bubbles.

In this embodiment, the substrates 71 and 74 are kept
slightly apart by bringing the substrate 74 close to the
substrate 71 in the direction of gravity and making use
of the elasticity of air between the substrates 71 and 74,
but the invention is not limited to this. For example, it 1s
also possible to keep them slightly apart by forcibly
applying electrostatic force.

Next, an explanation will be made of a second em-
bodiment of the present invention.
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This embodiment relates to a bonding method of 50

substrates to prepare a semiconductor element.

For example, when using a flat surface vacuum chuck
for attracting one substrate as in the first embodiment,
the studies of the present inventors show that when the
other substrate 71 (substirate in free state) 1s bonded
(hydrogen bonds), the bonding proceeds with a slight
elongation at the portion of the reference numeral 76
shown in FIG. 9C.

As a result, when the bonding ends and the substrate
is detached from the vacuum chuck, a springback force
of the elongation occurs and warping occurs causing
the free state side substrate to become concave. This
surface clearly was bonded while elongated. Therefore,
with a fine pattern, there is a danger that the pattern
pitch will no longer be aligned.

In this embodiment, the bonding step 1s performed
while compensating for amount of elongation in ad-
vance by making the fixed surface convex in shape so as
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to ensure the same elongation of the fixed side substrate
and the free side substrate. Due to this, the elongation is
eliminated in the end and bonding free of elongation is
achieved.

As mentioned above, there is the following problem
when setting a substrate on a vacuum chuck having a
flat attachmentsurface, creating a vacuum, then bring-
ing another substrate close in a free state, pressing one
point by a push rod, and thus starting the hydrogen
bonding. That is, since the substrates are bonded by the
hydrogen bonds against the viscous resistance of air, the
bonding ends up occurring while the interface is
shghtly elongated with a convex curvature. This can be
understood from the fact that the substrate warps to a
concave surface after the bonding.

As opposed to this, in the present embodiment, the
following is performed as shown in FIG. 10. The
amount of elongation at the time the substrate 91 is
elongated and bonded is, for example, 10 to 20 ppm or
sO, so as shown 1n FIG. 10, the fixed surface of the
substrate 94 1s given a convex spherical shape 99 etc. of
a curvature of about the same extent as the elongation.

The substrate 91 1s bonded with the substrate 94 fixed
by a fixing jig 100 which has such a convex curved
surface and fixes and supports the substrate 94. There-
fore, after the bonding as shown in FIG. 11, the sub-
strates 91 and 94 are bonded by substantially the same
amount of elongation, so the elongation is cancelled.
Therefore, the bonding step is achieved free of devia-
t10on.

In this embodiment, a2 convex spherical surface was
employed as this enables the elongation to be reduced
the most, but another convex curved surface may be
employed as well.

According to the present invention, it is possible to
prevent the generation of air bubbles, achieve a bond in
a good state, and bond the substrates free from problems
such as pattern elongation or contraction.

Next, an explanation will be made of a third embodi-
ment of the present invention.

This embodiment applies to the production of an SOI
structure semiconductor device.

In this embodiment, the positioning and the confirma-
tion of positioning during the formation of the SOI
structure are performed in accordance with the process
sequence shown in the flow chart of FIG. 12. That 1s, in
the embodiment, first, the SOI substrate formation step
111 is performed. Here, the previous explained bonding
technology i1s used to obtain a substrate with an SOI
structure. Next, in a photolithography step 112, align-
ment 1s performed with respect to an element isolation
pattern and the resist is opened at the alignment mark
portions and vernier portions. Next, an Si etching step
113 1s performed to remove the semiconductor portions
(Si1 portions) of the alignment mark portions and the
vernier portions. A resist peeling step 114 is then per-
formed and then positioning is performed using the
alignment mark portions, and the positioning is con-
firmed using the vernier portions.

More specifically, the following processes are usually
used for an SOI wafer with an element isolation pattern:

(1) Step of preparation of element isolation pattern
(formation of insulation portions) |

(2) Step of preparation of clad SOI wafer (bonding
and polishing)

(3) Step of preparation of device

The termination of the above (2) and the input to (3)
1s referred to as line reinput. In the present embodiment,
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during this line reinput, the SOI layers of the alignment

mark portions and the vernier portions of the SOI wafer
with the element isolation pattern are etched and a
sufficient level difference is ensured in the pattern. The
SOI layer at the other portions (for example, the ele-
ment formation portions) is masked by the resist and not
etched. Therefore, a photolithography step aligning the
lower element isolation pattern is required, but at that
time it 1s suffictently possible to detect the waveform of
the alignment signal for the following reasons:

(1) The surface of the pattern is constituted by two
substances, SiO7 and Si, having different reflectances.

(2) The range of tolerance with respect to deviation
in ahignment is large (for example, at this time, fine
alignment of 0.15 um is not required, about 2 um is
sufficient).

As a result, as shown from FIG. 13 to FIG. 16, a clear
mark signal waveform is obtained. FIG. 13 shows the
waveform of the detected mark signal in the X direction
before resist coating, FIG. 14 shows the waveform of
the detected mark signal in the Y direction before resist
coating, FI1G. 15 shows the waveform of the detected
mark signal in the X direction after resist coating, and
FIG. 16 shows the waveform of the detected mark
signal in the Y direction after resist coating.

By this, in this embodiment of the present invention,
a sufficient level difference of the mark portions can be
secured, so a signal with a sufficient S/N ratio can be
obtained.

According to the present invention, as mentioned
above, 1t 1s possible to provide a positioning method and
a positioning confirmation method in an SOI structure
which enables accurate detection of the alignment sig-
nal using the alignment marks and enables accurate
evaluation of misalignment.

Next, a fourth embodiment of the present invention
will be explained with reference to the drawings.

FIG. 17 and FIG. 18 are a sectional view and plane
view of key portions of a DRAM according to the
fourth embodiment of the present invention.

The fourth embodiment shown in FIG. 17 and FIG.
18 1s an example of the application of the present inven-
tion to a DRAM. In this embodiment, the semiconduc-
tor layers 122a and 1225 are formed by a predetermined
pattern. On top of this are laid word lines 1264 and 1265
through a gate insulating layer 124. The semiconductor
layers 122a and 122b are formed by the bonding SOI
method and are comprised of monocrystalline silicon
etc. Note that in the illustration, only two lines of semi-
conductor layers 122¢ and 122b are shown, but a large
number are actually formed in accordance with the
number of the memory cells.

The gate insulation layer 124 laid on the semiconduc-
tor layers 122qg and 1225 is for example formed by heat
oxidation of a semiconductor layer or CVD and is com-
prised of a silicon oxide layer etc. The word lines 126¢
and 12656 formed on the gate insulating layer 124 are for
example comprised of a polycrystalline silicon film
formed by the CVD method, for example. Patterning is
performed in a direction substantially perpendicularly
intersecting the semiconductor layers 122a and 1225
positioned under the same. A channel portion 128 is
formed at the semiconductor layer portion of the posi-
tion cutting across the semiconductor layers 122a and
1225. That is, the word lines-126a and 1265 serve also as
gate electrodes. The gate electrodes constituted by the
word lines 126a and 1265, the gate insulation layer 124,
the channel portion 128, and the semiconductor layer
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122a or 12256 where the source-drain portion is formed,
constitute memory cell transistors.

On top of the gate electrode layers 126a¢ and 1265 is
laid an interlayer insulating layer comprised of a silicon
oxide layer formed by the CVD method, for example.
On top of this are laid the bit lines 130. The bit lines 130
are formed by a polycrystalline silicon film formed by
the CVD method, for example. The bit lines 130 are
connected to the semiconductor layers 122a and 1226 of
the memory cells through the bit contacts 129 formed in
the interlayer insulating layer.

Under the semiconductor layers 122q and 1224 there
1s an insulating film layer 132. The insulating film layer
132 1s comprised, for example, of a silicon oxide layer.
Under the insulating film layer 132 is buried a capacitor
storage node 140. The storage node 140 and the semi-
conductor layer 122a or 1226 are connected through a
contact 133 formed in the insulating film layer 132.
Under the storage node 140 is laid a cell plate layer 138
through a capacitor insulating thin film layer 136. The
storage node 140 1s comprised of polycrystalline silicon,
for example. The capacitor insulating thin film layer 136
1s comprised, for example, of a laminate of a silicon
oxide thin film and a silicon nitride thin film etc. The
cell plate layer 138 is comprised, for example, of poly-
crystalline silicon.

In this semiconductor device, the storage node 140,
the insulating thin film layer 136, and the cell plate 138
constitute a capacitor.

In the present embodiment, the layout pattern of the
storage node 140 1s made a longitudinal pattern running
along the word lines 126a and 1265. Further, the sec-
tional width of the storage node 140 is made substan-
tially equal to the width of the word lines 1262 and
1265. Further, to make the area of the plane side of the
storage node as large as possible and to increase the
capacity of the capacitor, as shown in FIG. 18, the node
140 1s formed narrower and longer to reach the position
close to the layout pattern of the adjoining semiconduc-
tor layers 122a and 122b. As a result, the capacity of the
capacitor of this embodiment in not reduced as com-
pared with the capacity of the capacitor of the storage
node shown 1in FIGS. 6A and 6B.

By using the layout pattern of the storage node 140 of
the present embodiment, the area directly under the
channel portion 128 of the cell transistor is free of any
storage node 140 with fluctuating potential, but has a
cell plate layer 138 which is stable in potential, so there
1s no longer any fluctuation of the threshold voltage of
the cell transistor due to the state of holding of data.
Therefore, in the DRAM of the present embodiment,
the data holding characteristics and the data writing
characteristics are improved.

Further, if the layout pattern of storage node 140
according to the present embodiment is used, as shown
in FIG. 18, the area of contact between the contact 133
and the storage node 140 becomes larger as compared
with the example shown in FIG. 6B and the contact
between the semiconductor layers 122¢ and 1225 and
the storage node 140 becomes reliable.

Next, an explanation will be made of a process for
production of the DRAM shown in FIGS. 17 and 18.

FIG. 19 1s a schematic view of key portions showing
an example of the process of production of the DRAM.
As shown 1n FIG. 19, first, an element isolation level
difference 180q is formed at the surface of a silicon
semiconductor substrate 180. On the surface, a silicon
oxide film comprising the insulating film layer 132 is
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formed by CVD etc. The thickness of the silicon oxide
layer is not particularly limited, but for example 1s about
300 nm.

After this, a contact 133 is formed by a predetermined
pattern in the insulating film layer 132 and a polycrys-
talline silicon film forming the storage node 140 1s de-
posited by the CVD method. The thickness of the poly-
crystalline silicon film forming the storage node 140 1s
not particularly limited, but for example is about 700
nm. after this, the polycrystalline silicon film 1s etched
in a predetermined pattern to obtain the storage node
140

After this, a capacitor insulating thin film layer 136
comprised of a laminate of silicon oxide film and a sili-
con nitride film etc. 1s formed on the surface of the
storage node 140 and the insulating film layer 132. A
polycrystalline silicon film for formation of the cell
plate layer 138 is formed by the CVD method etc. on
the surface of the capacitor insulating thin film layer
136. The thickness of the polycrystalline silicon film 1s
not particularly limited, but for example 1s about 400
nm. On top of this, a polycrystalline silicon film is fur-
ther deposited to about 5 um, the surface is polished to
about 3 um to flatten it, then the support substrate 172
is bonded by wafer bonding method or other means.
The support substrate 172 1s constituted, for example,
by a silicon wafer.

Next, the semiconductor substrate 180 is ground from
the rear surface. Finally, polishing i1s performed to the
position L or level using the silicon oxide film constitut-
ing the insulating film layer 132 as a stopper surface and
therefore a thin semiconductor layer 122z of about 100
nm is obtained. After this, the assembly is turned upside
down so that the support substrate 172 side is at the
bottom, then as shown in FIG. 17, a gate insulating
layer 124, the word lines 156a¢ and 1565, the interlayer
insulating layer, and the bit line 160 are successively
formed on the surface of the semiconductor layer 122a.

FIG. 20 is a plane view of a DRAM according to a

fifth embodiment. As shown in FIG. 20, the sectional
width of the storage nodes 210a and 210g are greater
than the width of the word Iines 1964 and 19656 and the
corner portion of one storage node 210z approaches the
corner portion of the other storage node 21005.

In this embodiment, the.storage node 210a can be
arranged away from the channel portion 198 of the
adjoining semiconductor layers 192¢ and 1926 by a
certain margin, so even if misalignment occurs, the
positioning of the storage node directly under the chan-
nel 198 can be effectively prevented. Despite this, the
area occupied by the storage node 210¢ 1s not reduced
compared with the embodiment shown in FIG. 18 and
a sufficient capacitor capacity can be realized.
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Further, in this embodiment, the corner portions of 55

the storage nodes 210a and 210a are in close proximity,
but since there is an effect of the refracted light at the
time of exposure, it is possible to easily separate the two
by patterning and therefore the two never short circuit.

The longitudinal sectional shape of the storage nodes
in the direction of the word lines 196a and 1965 1s not
necessarily limited to a rectangular shape.

FIG. 21 1s a plane view of a DRAM according to a
sixth embodiment. As shown here, the shape may be a
triangular shape having a bottom side runmng along the
direction of the word lines 226¢ and 226b. In this em-
bodiment too, a similar action as 1in the above embodi-
ment is obtained.
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The semiconductor device of the present invention
need not be used for only a DRAM, but can be used for
another semiconductor device having an SOI structure
with storage nodes.

As explained above, according to the present inven-
tion, in a semiconductor device of an SOI structure
having storage nodes, the storage nodes are formed at
the top layer side of the semiconductor layer in a longi-
tudinal fashion along the word lines formed so as to
substantially perpendicularly intersect the semiconduc-
tor layer, so the storage nodes are no longer positioned
at the bottom layer side of the channel portion of the
semiconductor layer. As a result, the effect of the stor-
age nodes on the channel portion is lowered and the
threshold voltage of the transistor in the cell 1s stabi-
lized. When this semiconductor device 1s used as a
DRAM, the data holding characteristics and the data
writing characteristics are improved.

Next, an explanation will be made of an seventh em-
bodiment of the present invention.

FIG. 22 1s a schematic sectional view of a DRAM
according to the seventh embodiment of the present
invention.

In this embodiment, the thin film semiconductor
layer 258 is formed by a predetermined pattern. Word
lines 254a and 254b are laid on top of it over a gate
insulating layer 257. The thin film semiconductor layer
258 1s formed by the bonding SOI method and 1s com-
prised of monocrystalline silicon etc. Note that in the
figure, only the thin film semiconductor layer 258
formed with the channel portion of the word line 254a
is illustrated, but in actuality a large number are formed
in a predetermined pattern in the two dimensional direc-
tions in accordance with the number of the memory
cells.

The gate insulating layer 257 formed on the thin film
semiconductor layer 258 is comprised for example of a
silicon oxide layer etc. The word lines 254z and 2545
formed on the gate insulating layer 257 are comprised
by a polycrystalline silicon film formed by the CVD
method. The word lines 2542 and 254) serve also as the
gate electrodes of a transistor and have a source region
and drain region formed at the two sides. The word
lines 254a and 2545 are patterned in the direction sub-
stantially perpendicularly intersecting the thin film
semiconductor layer 238 positioned at the lower layer.
A channel portion 1s formed at the portion of the semi-
conductor substrate positioned cutting across the thin
film semiconductor layer 258.

On the word lines 254 and 2545 are laid an interlayer
insulating layer 255 comprised by a silicon oxide layer
formed by the CVD method. On top of this are formed
a bit line 256. The bit line 256 passes through the bit
contact hole formed in the interlayer insulating layer
255 to connect with the thin film semiconductor layer

258 of the memory cells. The thickness of the interlayer

insulating layer 235 1s not particularly limited, but for
example i1s 300 nm.

Underneath the thin film semiconductor layer 258 is
laid an insulating film layer 268. The insulating film
layer 268 has formmed 1n it a contact hole 286 near the
thin film semiconductor layer 258. Under the msulating
film layer 268 is formed a storage node 279 by a prede-
termined pattern. In this embodiment, the storage node
279 is comprised of a conductive layer 262b comprised
by a polycrystalline silicon film etc. and a side wall 2624
comprised by a polycrystalline silicon film formed at
the side portion of a dummy layer 218. The dummy
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layer 218 1s comprised for example of a silicon oxide
layer, the thickness of which is not particularly limited,
but for example 1s about 1.2 um. At the outer periphery
of the side wall 262a constituting the storage node 279

1s laid a cell plate layer 266 through a capacitor insulat- 3
ing thin film layer 264. The capacitor insulating thin
film layer 264 i1s comprised for example of a silicon
oxide thin film and a silicon nitride thin film etc. The
cell plate layer 266 is for example comprised of poly-
crystalline silicon, the thickness of which is for example
about 50 nm. Under the cell plate layer 266 is laid a
flattening layer 278 and a support substrate 263. The
flattening layer 278 is comprised of a polycrystalline
silicon film, while the support substrate 263 is com-
prised for example of a silicon wafer etc.

In this semiconductor device, the capacitor storage
node comprised by the side wall 262z and the conduc-
tive layer 2625, the insulating thin film layer 264, and
the cell plate 266 constitute a capacitor.

In this embodiment, by making the thickness of the
dummy layer 278 greater, it is possible to make the
height of the side wall 262a greater and possible to
increase the capacitor area. Therefore, the capacitor
can be given a large storage capacity with a small cell
area. Further, due to the reasons discussed later, during
etching for forming the storage node 279, the semicon-
ductor substrate forming the semiconductor layer 258 is
never overetched.

Next, an explanation will be made of a process for
producing the DRAM of the seventh embodiment of 30
the present invention.

As shown in FIG. 23A, first, an element isolation
level difference 201 is formed on the surface of a silicon
semiconductor substrate 238. A silicon oxide film form-
ing the insulating film layer 268 is formed by the CVD 35
method etc. The thickness of the silicon oxide film is not
particularly limited, but is about 300 nm.

After this, a contact hole 286 to expose the surface of
the semiconductor substrate 238 is formed in the insulat-
mg film layer 268.

Next, as shown in FIG. 23B, a conductive layer 2625
comprised of a polycrystalline silicon film for example
1s deposited by the CVD method etc. The thickness of
the conductive layer 2625 is not particularly limited, but
1s for example 400 nm. After this, a dummy layer 218 45
comprised of a different material from the above con-
ductive layer 2625 is deposited. The dummy layer 218 is
for example formed by an SiO; layer etc. formed by the
CVD method and is not particularly limited in thick-
ness, but 1s for example 1.2 um.

Next, as shown in FIG. 23C, the dummy layer 218 is
etched by RIE using a mixed gas of CHF3 and O for
example and a first node formation hole 232 is formed.
The dummy layer 218 is comprised of a material differ-
ent from the conductive layer 2625, so when etching the
dummy layer 218 using the above mixed gas, it becomes
possible to secure a high etching selectivity with the
conductive layer 2625 formed under the dummy layer
218. Therefore, it becomes possible to form the first
node formation hole 232 in the dummy layer 218 with-
out etching the conductive layer 262b much at all.

Next, as shown in FIG. 23D, the conductive layer
2625 under the first node formation hole 232 is etched
by RIE using chlorine type plasma etc. so as to form a
second node formation hole 234. At this time the thick- 65
ness of the conductive layer 2625 is less than the thick-
ness of the dummy layer 218, so the amount of over-
etching required for forming the second node formation
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hole 234 need only be small and therefore the conduc-
tive layer 2625 inside the contact hole 234 is not all
removed and the surface of the semiconductor substrate
238 1s not etched to form grooves.

Next, as shown in FIG. 23E, a conductive layer of a
polycrystalline silicon film etc. of a thickness of 60 nm,
for example, is deposited by the CVD method on the
surface of the dummy layer 218 and then is etched so as
to form the side wall 262a at the inner periphery of the
first and second node formation holes 232 and 234. The
side wall 262a and the polycrystalline silicon film 2625
constitute the capacitor storage node.

Next, as shown in FIG. 23F, a silicon nitride film of
about 7 nm is formed at the outer periphery of the side
wall 262a forming the storage node 279, the surface of
this is oxidized to about 2 nm, and thus a capacitor
insulating thin film layer 264 is formed.

After this, a polycrystalline silicon film forming the
cell plate layer 266 is formed on the surface of this
capacitor insulating thin film layer 264 to a thickness of
about 50 nm using the CVD method etc. Further, a
flattening layer 278 comprised of a polycrystalline sili-
con film etc. is deposited on top of this to a thickness of
about 5 um. The surface is polished about 3 pm to
flatten 1t, then a support substrate 263 is bonded. The
support substrate 263 1s comprised of a silicon wafer, for
example.

Next, the assembly 1s turned upside down so that the
support substrate 263 is at the bottom and the semicon-
ductor substrate 238 1s ground from the rear surface.
Finally, this 1s ground to the position “L” using the
silicon oxide layer constituting the insulating thin film
268 as the stopper surface to thus obtain the thin film
semiconductor layer 288 of for example 100 nm. After
this, as shown in FIG. 22, the gate insulating film 257,
word lines 254a and 254b, the interlayer insulating layer
2355, and the bit line 256 are successively formed on the
surface of the thin film semiconductor layer 238 to
obtain a DRAM cell.

FIG. 24 1s a schematic sectional view according to an
eighth embodiment of the present invention.

In the DRAM according to the eighth embodiment
of the present invention, unlike with the previous sev-
enth embodiment, the dummy layer 218 is removed
after the side wall 262z is formed. Also, a capacitor
insulating film layer 264 and cell plate layer 266 are
formed at the outer periphery and inner periphery of
the side wall 262a, so the capacitor area of a storage
node 269 of this embodiment becomes about twice that
of the seventh embodiment. Note that the same numer-
als in the eighth embodiment as the numerals in the
seventh embodiment designate the same components.

Next, an explanation will be made of the process of
production for the DRAM cell of the eighth embodi-
ment.

After the same steps as the process for producing a
semiconductor device according to the above seventh
formed, then as shown in FIG. 25A, patterning is per-
formed based on the inverted data of the storage node
to form a predetermined shape of a resist mask 290 in
the first node formation hole 232 and the second node
formation hole 234.

Next, as shown in FIG. 25B, fluorine treatment etc. is
used to etch the dummy layer 218 and remove it. Due to
this, a side wall 262a of a polycrystalline silicon film is
left at the inner periphery of the first node formation
hole 232.
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When forming the resist 290, as shown 1n FI1G. 25B,
due to the exposure error, the resist 290 sometimes i1s
formed covering the dummy layer 218, but since etch-
ing is performed using fluorine treatment etc., the
dummy layer 218 is completely etched and removed.

Next, the resist 290 shown in FIG. 25B 1s etched to

remove the same.

- After this, as shown in FIG. 25C (turned upside down
from the position shown in FIG. 25B), the polycrystal-
line silicon film forming the capacitor insulating thin
film layer 264 and cell plate layer 266 are successively
laid. On top of this, further, a flattening layer 278 com-
prised of a polycrystalline silicon film etc. 1s deposited
to a thickness of about 5 um. The surface is polished to
about 3 um to flatten it, then the support substrate 263
is bonded. The support substrate 263 1s comprised for
example of a silicon wafer.

Next, the rear surface of the semiconductor substrate
238 is ground to obtain a thin film semiconductor layer
in the same way as the seventh embodiment. After this,
a gate insulating film, word lines, an interlayer insulat-
ing layer, and a bit line are successively formed on the
surface of the thin film semiconductor layer to obtain
the DRAM cell shown 1n FIG. 24.

According the present invention, a conductive side
wall is formed at the side wall of the dummy layer and
this side wall is used as part of the storage node. Fur-
ther, when etching to form the storage node, first a first
node formation hole is formed in the dummy layer and
a second node formation hole is formed in the conduc-
tive layer below it. That 1s, the node formation holes are
etched in two stages, whereby the thickness of the con-
ductive layer may be made smaller and the error at the
time of etching of the conductive layer may be made
relatively small. As a result, it is possible to effectively
prevent the formation of grooves by overetching to the
surface of the semiconductor substrate.

Further, in particular, according to the present inven-
tion, in which the dummy layer remaining at the tnside
of the conductive side wall is removed and a capacitor
insulating layer and cell plate layer are formed at the
outer and inner peripheries of the side wall, the capaci-
tor capacity can be further increased.

What 1s claim 1s:

1. A process for production of a semiconductor de-
vice comprising the steps of:

forming a step in the surface of a semiconductor sub-

strate and then forming an insulating film layer on
the surface of the semiconductor substrate so as to
cover the step;

forming a conductive layer defining a part of a capac-

itor storage node on the insulating layer and then
forming a dummy layer of a material different from
the conductive layer;

forming a first node formation hole in the dummy

layer using a first etching process so that the sur-
face of the conductive layer is exposed;

forming a second node formation hole through the

first node formation hole in the conductive layer
using a second etching process which is different
from the first etching process so that the insulating
film layer 1s exposed;

forming a conductive side wall defining a part of the

capacitor storage node at the inner periphery of the
first node formation hole and second node forma-
tion hole;
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forming successively a capacitor insulating thin film
and conductive cell plate layer on the surface of
the side wall and the surface of the dummy layer;

laying a flattening layer and a support substrate on
the cell plate layer; -

grinding the semiconductor substrate from the rear
side until reaching the step to form a thin film semi-
conductor layer;

forming a gate insulating layer at the surface of the

film semiconductor layer; and

forming word line on the gate insulating layer.

2. A process for production of a semiconductor de-
vice comprising:

forming a step in a surface a semiconductor substrate

and then forming an insulating film layer on the
surface of the semiconductor substrate so as to
cover the step;

laying a conductive layer defining a part of a capaci-

tor storage node on the insulating layer and then
forming a dummy layer of a material different from
the conductive layer;

forming a first node formation hole in the dummy

layer using a first etching process so that the sur-
face of the conductive layer is exposed;

forming a second node formation hole through the

first node formation hole in the conductive layer
using a second etching process which 1s different
from the first etching process so that the insulating
film layer is exposed;

forming a conductive side wall defining a part of the

capacttor storage node at the inner periphery of the
first node formation hole and second node forma-
tion hole;

filling a resist in the first node formation hole and

second node formation hole formed with the side
walls; | |
using the resist as a mask and etching so that the side
wall remains and the dummy layer 1s removed;

removing the resist and successively forming a capac-
itor insulating thin film and conductive cell plate
layer on the inner and outer peripheries of the side
wall;

forming a flattening layer and a support substrate on

the cell plate layer;

grinding the semiconductor substrate from the rear

stide until reaching the step to form a thin film semi-
conductor layer:;

forming a gate insulating layer at the surface of the

think film semiconductor layer; and

forming word line of a predetermined shape on the

gate insulating layer.

3. A process as set forth in claim 1, wherein said first
etching process uses an etchant which removes the
material from which said dummy layer is formed and
which has little effect on the material from which the
conductive layer 1s formed and wherein said second
etching process uses an etchant which removes the
material from which said conductive layer is formed
and which has little effect on the material from which
the dummy layer is formed.

4. A process as set forth in claim 2, wherein said first
etching process uses an etchant which removes the
material from which said dummy layer 1s formed and
which has little effect on the material from which the
conductive layer is formed and wherein said second
etching process uses an etchant which removes the
matenial from which said conductive layer is formed
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and which has little effect on the material from which
the dummy layer is formed.
5. A process as set forth in claim 1, further comprising
the steps of:
forming said dummy layer of a first material which is
susceptible to a first etchant and which 1s resistant
to a second different etchant;
forming said conductive layer of a second material
which is resistant to the first etchant and which i1s
susceptible to the second etchant;
using the first etchant in said first etching process;
and
using said second etchant in said second etching pro-
cess.
6. A process as set forth in claim 2, further comprising
the steps of:
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forming said dummy layer of a first material which is
susceptible to a first etchant and which 1s resistant
to a second different etchant;

forming said conductive layer of a second matenal
which is resistant to the first etchant and which is
susceptible to the second etchant;

using the first etchant in said first etching process;
and

using said second etchant in said second etching pro-
CESS.

7. A process as set forth in claim 2, wherein the sup-

port substrate 1s bonded to said cell plate layer using

wafer bonding.
8. A process as set forth in claim 7, wherein said

support substrate comprises a silicon watfer.
* *® £ £ 3 4
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